Acousto-optic random-access laser scanning microscopy: fundamentals and applications to optical recording of neuronal activity.
A novel approach to laser scanning microscopy is presented that utilizes diffraction-based scanning principles to achieve fast random-access positioning of a focused laser beam. This non-imaging approach overcomes the speed limitation of present reflection-based scanning microscopes while maintaining high spatial resolution. The presented system combines conventional video microscopy with fast non-imaging scanning microscopy. Together with readily available optical indicators of neuronal activity, this system permits multi-site optical recording from living brain tissue. In this paper, we will review the underlying principles of laser scanning microscopy and the steps in development that led to the current acousto-optic scanning system. We will present typical signals recorded with the current system, and we will outline ongoing extensions of the system. We will also discuss the present limitation of this instrumentation and look into directions of future development.